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Aneurysm of the thoracic aorta is a rare condition in children. I
have been able to collect and review thirty-one cases from the literature,
besides the two cases which I have to report.

ETICLOGY

There is a great diversity of opinion on this subject, mainly because
the real causative factors have not been worked out in many cases.

Some authors believe that syphilis is practically always the prime factor
in children as in adults, but a careful study of the available cases does
not confirm this view. Bronson 1 has grouped these cases according
to the etiologic factors into: (1) those aneurysms due to atheromatous
degeneration; (2) those resulting from trauma (rare); (3) those due
to erosion of the aorta from without; (4) a few following congenital
malformations, and (5) last, but probably the most important factor
in childhood, aortic aneurysms following in the wake of acute infectious
diseases. Osler remarks that in adults the specific fevers commonly
cause areas of degeneration in the intima of the aorta and occasionally
in the media. Klotz 2 has shown that in childhood the aorta may be
attacked during an acute infectious disease, especially those due to the
streptococci. He claims that the organisms gain entrance to the aortic
wall through the vaso vasoriim and lodge in the media, causing degen¬
erative changes which lead to a gradual weakening of the wall, with
resulting dilatation, fibrosis and possibly aneurysm.

A summary follows of the cases in which the apparent determining
cause was an acute infectious aortitis.

CASES DUE TO ACUTE INFECTIOUS AORTITIS

Cask 1.—A definite history of five severe attacks of chorea was given.
During the third attack the heart was involved. This attack was followed by
diphtheria. During the fifth attack the aneurysm was diagnosed, five years
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after the initial chorea. The blood Wassermann was negative. There were
no signs of congenital syphilis, nor any family history of syphilis. Three other
children, one older and two younger, were well.

Case 2.—This patient developed symptoms of "heart trouble" after an

operation for appendicitis, with a postoperative pneumonia, which in turn was
followed by arthritis. Two weeks after this acute arthritis, palpitation of the
heart began, confining him to bed for six months. He had had nine previous
attacks of acute arthritis which lasted for a week at a time. Two negative
blood Wassermanns were obtained; one at Michael Reese Hospital and the
other at Cook County Hospital, the interval between the tests being five months.
No signs of congenital syphilis were present. The mother and father both
died of pneumonia. One sister died from an unknown cause.

REVIEW OF LITERATURE

MacNalty3 reports that his patient had scarlet fever at the age
of 4 years, measles at 5 and pharyngitis and cough at 8, followed
by heart symptoms which persisted off and on. The aneurysm was

diagnosed six years after the onset of the heart symptoms. The child
had a cleft palate and hare lip, but no signs of syphilis. There was

no family history of syphilis, although the father had heart disease.
Klotz 2 reports that his patient had arthritis six months before, fol¬

lowing which heart symptoms developed and "heart disease" was diag¬
nosed. Then shortly before death he developed another acute arthritis
and endocarditis. Positive blood cultures of pure streptococci were
obtained. ' Sections through the aneurysm at necropsy revealed acute
inflammation, and streptococci were found in these tissues. No evi¬
dence of syphilis was revealed.

Roy 3° believes his case was caused by an acute infection of some

kind, but admits that the cause is unknown. There was no history
nor evidence of syphilis.

Jordan 4 reports a history of rheumatism with possible septic aortitis
in his case. No history nor evidence of syphilis was revealed.

Thieberge's 5 patient had an acute endocarditis four months before
the aneurysm was diagnosed. The family history was negative. There
were no evidences of syphilis.

A. A. Smith'sß patient had acute arthritis one year before the
aneurysm was diagnosed.

Bacelli's T patient had two attacks of acute articular rheumatism.
One was two years before, and the other six months before the aneu¬

rysm was diagnosed. There was no clinical evidence of syphilis. The
family history was negative.

3. MacNalty, A. S.: Proc. Roy. Med. Soc., London 10:35 (Clin. Sec.) 1909.
3a. Moizard and Roy: Ann. de m\l=e'\d.et chir. inf. 12:149, 1908.
4. Jordan, A. C.: Lancet 1:515. 1903.
5. Thibierge: La France m\l=e'\d.2:913, 1881.
6. Smith, A. A.: Med. Rec. 44:349, 1893.
7. Bacelli, G.: Semaine m\l=e'\d.18:137, 1898.
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Le Boutillier's s patient gave a history of two attacks of pertussis,
the first when 9 days old, the other at the age of 3 years, and arthritis
at 4 years, at which time some heart trouble was diagnosed. Typhoid
developed at 7 and measles at 9. The aneurysm was diagnosed at 9.
No physical evidence of syphilis was present. One child died of
pertussis. Otherwise, the family history was negative.

CASES DUE TO SYPHILIS

A summary of the cases in which the apparent determining cause
was syphilis is interesting.

Heiman ? reports the case of a woman and her boy who had a

four plus blood Wassermann reaction. The mother had had two mis¬
carriages and the father died of epilepsy. The child had several
attacks of acute articular rheumatism, the last one about two years
before the aneurysm was diagnosed. The child had an enormous spleen
and a tumor of the liver which was assumed to be a gumma.

Willson 10 reports a case in which the father had a chancre, saddle
nose and developed epilepsy at 21. The mother was healthy and
showed no evidence nor history of syphilis. A congenital heart lesion
was diagnosed in the child at 6 weeks of age and the aneurysm was
found at 4 years.

A study of the aortas of still-born infants often reveals mononuclear
infiltration about the vessels of the media, spirochaetes and early degen¬
erative changes. Thus, we can easily realize how such changes may
give rise to aneurysms later in life in congenital syphilitics.

CASES DUE TO TRAUMA

Cases apparently due to trauma are rare.

In McKeen's case 11 the symptoms followed severe trauma to the
chest six months before the aneurysm was diagnosed. Pendin 12 also
believed that his case followed a trauma.

CASES DUE TO EROSION

A summary of those cases apparently due to erosion from without
follows :

8. Le Boutillier, T.: Case of Aneurysm of Transverse Portion of Aortic
Arch, with a Table of Reported Cases Under Twenty Years of Age, Am.
J. M. Sc. 125:778, 1903.

9. Heiman, H.: Aneurysm of Ascending Arch of Aorta in a Boy of Thirteen,
Arch. Pediat. 36:543 (Oct.) 1919.

10. Willson, R.. and Marcy, A.: Proc. Path. Soc. Phila. 16:63, 1914.
11. MacKeen, R. A. H.: Med. News 61:272, 1892.
12. Pendin, A.: Ein Fall von Aneurysm Aortae Ascendenti bei einem 12

j\l=a"\hrigenM\l=a"\dschen,St. Petersburg med. Wchnschr. 7:195, 1890.
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Hutchinson 13 reports that in his case the aorta was healthy to the
edges of the aneurysm, which appeared to be a caseous gland ruptured
into aorta.

In Smith and Targett's14 case the posterior mediastinum was
matted together with inflammatory products, and the aorta had been
eroded from without.

Willett15 showed that in his case the aneurysm was due to the
discharge of a suppurating lymph gland into the aorta.

Jackson Clarke described two cases in which aneurysm was due
to ruptured caseous lymph glands.

CASES DUE TO CONGENITAL MALFORMATION OF AORTA

A number of authentic cases have been recorded of a thoracic aortic
aneurysm resulting from congenital malformation of the aorta.

Bronson and Sutherlandx report a case in which the aorta was
stenosed in the ascending portion, proximal to which was an aneurysfn.
There was no history or evidence of syphilis; the Wasserman was

negative; no spirochetes nor aortitis were found. There had been no
acute illnesses. The family history was negative.

In Wasajerna's case a nearly complete congenital stricture was

present in the ascending aorta with an aneurysm just proximal to it.
In Smith and Targett's case the aneurysm was distal to a congenital

stenosis.
In Armitage's case a congenital heart lesion was present. The

aneurysm was diagnosed at 7 years of age.
The symptoms of two cases appeared suddenly following an acute

exertion. In these cases aneurysm had not been diagnosed until the
appearance of the acute terminal symptoms.

PREDISPOSING CAUSES

Age.—Twenty-one cases occurred under 12 years, and twelve cases

between 12 and 18 years. At 2, one case occurred ; at 3, one case ;
at 4, five cases ; at 5, three cases ; at 6, two cases ; at 7, one case ; at
9, four cases; at 10, one case; at 11, one case; at 12, three cases; at
13, three cases; at 14, two cases; at 15, three cases; at 16, one case; at
17, two cases; at 18, two cases.

Sex.—Twenty patients were boys, and ten were girls.
13. Hutchinson: Tr. Path. Soc. London 5:104, 1854.
14. Smith, F. J.: Aneurysm of Aorta in a Boy of Nine Years, Tr. Path. Soc.

Lond. 48:53. 1897.
15. Willett, E.: Aneurysm of Aorta in Child of Four Years, Tr. Path. Soc.

Lond. 43:38, 1892.
16. Wasajerna. E.: Ein Fall von Aortaruptur nach Schlittschuhlaufen,

Ztschr. f. klin. med. 90:405, 1903.
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PATHOLOGY

Heart.—The heart was normal in nine cases. It was hypertrophied
in ten cases, in all but two of which valvular lesions were present. The
aortic valve was diseased in twelve cases. The mitral valve was dis¬
eased in eight cases. The tricuspid valve was involved in one case.

Thus, as far as the heart was concerned, hypertrophy alone was

present in two cases ; hypertrophy with only the aortic valve involved
was present in two cases ; hypertrophy with both the aortic and mitral
valve involved was present in six cases; hypertrophy with only the
mitral involved was present in one case; aortic and mitral involvement
without mention of hypertrophy was present in one case; and aortic
valve involvement without mention of hypertrophy was present in
four cases.

Aorta Apart from the Aneurysm.—In seven cases the aorta was
normal; in six cases atheroma was found; in two cases there was an

acute septic aortitis, and in three cases stenosis of the aorta near the
aneurysm was present.

Pathology of the Aneurysm.—The aneurysm was located in the
ascending arch in twenty cases ; in the descending arch in two cases,
and in the transverse arch in five cases.

Sac.—The description of the sac is mentioned in relatively few
of the cases.

In Willett's case 15 the opening was irregular and small and the
walls in places were as thick as the aorta. Microscopically, it appeared
like an old blood clot with an attempt at a lining membrane. He
considered that it might have been a ductus arteriosus remaining open
at its distal end, or the remains of a large lymph gland with its contents
discharged into the aorta. The heart was normal.

In R. T. Smith's case,17 an aneurysm the sine of a walnut had
ruptured into the pericardium. The heart showed mitral disease and
the aorta showed atheroma.

In Hutchinson's case,13 the aneurysm was the size of two chestnuts.
The heart and vessels were normal.

In Sanne's case,18 the sac was the size of a small nut. The heart
showed aortic valve involvement, and the aorta showed.atheromas.

In Bronson and Sutherland's case 1 a fusiform aneurysm the size
of the heart was present in the ascending arch. The walls were 3 mm.

thick. All the valves were normal, as was the myocardium, although
the left ventricle was hypertrophied. The aorta was stenosed between
the ductus arteriosus and the left subclavian artery. Microscopically,
the thickening of the walls was due to hyalin sclerosis affecting the

17. Smith, R. T.: Lancet 1:626, 1834.
18. Sann\l=e'\: Rev. m\l=e'\ns.d. mal. de l'enf. 5:56, 1887.
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deep intima and underlying media. The cells were few and of the
connective tissue type. No bacteria, or spirochetes or evidences of
aortitis were found.

In Klotz's case2 a saccular aneurysm the size of a pigeon's egg
was located in the ascending aorta. The heart was hypertrophied, the
mitral and aortic vales were involved and a septic aortitis was present.
Infarcts were present in various organs. Microscopically, the tissues
of the heart valves and ascending aorta were infiltrated with poly¬
morphonuclears and other evidences of acute inflammation. Strepto¬
cocci were found in these tissues and in the blood.

The roentgen-ray is of great aid in determining gross pathologic
features during life, but has only been used in Bronson's, Heiman's
and my own cases as far as can be ascertained. The electrocardiograph
also is of marked help in determining the condition of the heart during
life. It was employed in Heiman's and in my cases.

SYMPTOMS

Many of the symptoms were those due to the accompanying heart
·lesion with decompensation.

Symptoms.—In those cases in which symptoms referable to the aneu¬

rysm are mentioned, the onset was sudden in five cases (during exer¬

tion) and gradual in the rest. Dyspnea was present in twelve cases.

Cough was present in seven cases, although no particular variety was

described. Precordial pain was present in six cases and palpitation in
five.

Physical Findings.—Only the physical findings referable to the aneu¬

rysm are noted. A systolic murmur, loud and harsh over the base and
transmitted up into the vessels, was present in nineteen cases. This was

accompanied by a softer diastolic murmur when aortic régurgitation
was also present. Increased dullness over the aortic arch area was

present in thirteen cases. A systolic thrill over the base and great
vessel area occurred in ten cases. Expansile pulsation of an abnormal
tumor in the neck (suprasternal fossa) occurred in eight cases. One
radial pulse was slowed in five cases and a trachéal tug was noted in
one case.

The blood pressure in the four cases in which it was noted was
170 mm. of Hg, 140 (syphilitic case), 135 and 125, respectively.

The electrocardiograph in Heiman's case showed a left ventricular
predominance, the notching of R in Lead II and the inversion of  
in all three leads. In my case, the findings are noted in the report
of the case.

Duration.—The duration from the beginning of symptoms was

from three days to eight years. In those cases where the duration was

Downloaded From: http://archpedi.jamanetwork.com/ by a University of Manitoba User  on 06/13/2015



noted it was as follows: three days, ten days (2 cases), two months,
three months, six months (3 cases), two years, three years, four years
(2 cases), six years, seven years and eight years, respectively.

Causes of Death.—The causes of death were: Rupture into the
pericardium, eight cases; acute endocarditis, three cases; acute peri¬
carditis, two cases ; asphyxia, two cases ; cardiac decompensation, two
cases ; pneumonia, two cases ; smallpox, one case ; tuberculous menin¬
gitis, one case.

REPORT OF CASES

Case 1.—History.—R. M., a schoolboy, aged 11, entered the Cook County
Hospital, June 17, 1919. Three years previously, four weeks after surviving
an appendectomy and postoperative pneumonia, the patient developed poly¬
arthritis. Two weeks later, heart symptoms developed which confined him to
bed for six months, after which he was able to do light work. Pain in the
precordium was present for the nine months preceding his entrance to the
hospital. This pain was continuous, with severe exacerbations, causing him
to cry, lie down and grit his teeth. At other times, the pain was of a dull
aching character and did not keep him awake at night. It was located in the
precordium, especially to the left of the midline, but did not radiate. For the
previous month, he had pains and itching in the palms and soles. Dyspnea was

present on exertion, but was not marked. Otherwise the boy was in good
shape, felt well and had no other symptoms.

His previous illnesses, besides those immediately antedating his "heart
trouble," were nine previous attacks of acute arthritis, usually involving the
knees and confining him to bed for about one week at a time. No such attack
had been present for the past three years. He developed influenza in the fall
of 1918, but was in bed only five days. The patient had chickenpox and per¬
tussis when very young.

Family History.—The father was a soldier and died of pneumonia nine
years ago. The mother died of influenza in 1918. One sister died of unknown
cause. No heart disease existed in the family.

Physical Examination.—Patient was a well nourished boy, about 11 years
old, not acutely ill, and walked into the hospital. The pupils were equal and
regular, reacting well to light and accommodation. The tonsils were hyper-
trophic, but contained no pus nor caseous plugs and were not reddened. Two
carious teeth were present but no root abscesses.

The radial pulse was equal on both sides, 100 per minute when sitting at
rest, regular and distinctly of a very forcible water-hammer type. A capillary
pulse was present (seen on lips and fingernail beds). The large peripheral
arteries pulsated visibly and forcibly, i. e., the carotids, brachials and dorsal
pedals. A pistol shot tone could be heard over the femoral artery with a
to and fro murmur.

Chest: Inspection of the chest revealed a regular easy type of respiration,
24 per minute while sitting at rest. The chest was symmetrical and normally
formed ; no bulging was present and both sides were equal at the nipple line.
The circumference at this level was 28 inches at rest, 29 inches during inspira¬
tion and 27.5 inches after expiration. A diffuse heaving pulsation was present
over the precordium, especially localized at the apex in the sixth interspace
at the midaxillary line. A violent throbbing was present in the suprasternal
region and carotids.

Palpation confirmed the above findings. A systolic thrill was felt over the
aortic area, becoming more pronounced toward the neck. No thrill was present
over the apex. A dome-shaped semiglobular mass was felt projecting upward
from the suprasternal notch, more to the right than to the left. This mass
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had a violent expansile pulsation with a marked thrill and bruit. The mass

measured 7.5 cm. wide, extended 4 cm. up into the neck at the height of pulsa¬
tion and 3 cm. at the rebound. Its pulsation was synchronous with that of the
heart. A trachéal tug was present.

Percussion revealed the following areas of dulness : At the first interspace,
4 cm. to the right and 4 cm. to the left of the midsternal line ; at the second
interspace : 4 cm. to the right and 5 cm. to the left of the midsternal line ;
at the nipple level : 4.5 cm. to the right and 12 cm. to the left of the mid¬
sternal line. The greatest transverse diameter is at the sixth interspace, 7 cm.
below the nipple line : 4 cm. to the right and 14 cm. to the left of the midsternal
line. The greatest oblique diameter is from the second rib to the sixth inter¬
space, and measures 21 cm.

Fig. 1.—Case 1. Orthodiagram of heart, aortic arch and lungs, showing the
aneurysmal dilatation of ascending portion and arch of aorta, and the enlarged
heart. -represents the outline of about the normal sized heart and
aortic arch in a child of this weight and age. Orthodiagram made by Dr.
E. Blaine during fluoroscopic examination.

Auscultation reveals a loud, harsh, rasping to-and-fro systolic-diastolic mur¬

mur, heard all along the sternum, best to the left of the sternum over the
third costochondral junction, and transmitted up toward the bulging in the
neck where it is mainly systolic (very loud and rough), and down toward the
apex it diminishes rapidly in intensity. About half way toward the apex there
begins a presystolic-systolic murmur, which becomes quite loud at the apex,
but not as loud, however, as the first murmur is over the aortic area.

Abdomen: The abdomen is negative, except for tenderness of the append'x
scar ; and the liver is palpable one and one-half fingers below the costal
margin. Marked epigastric pulsation, synchronous with the heart beat, is
seen.

The finger nails are slightly cyanotic, and slight clubbing of the fingers is
present. The reflexes are normal

Blood Pressure.—The blood pressure readings were as follows : June 19 :

Right arm, systolic 140, diastolic 30; pulse pressure, 110. Left arm, systolic 135,
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diastolic 25; pulse pressure, 110. June 30: Right arm, systolic 132, diastolic 10.
Left arm, systolic 120, diastolic 10.

Laboratory Examinations.
—

The blood Wassermann was negative at two
reliable hospital laboratories on two successive occasions at an interval of six
months. The lipoid, cholesterinized and straight Wassermann tests were all
negative. The urine was repeatedly negative. The blood picture showed
4,800,000 erythrocytes, 80 per cent, hemoglobin, 14,000 leukocytes, of which 15
per cent, were small mononuclears, 5 per cent, large mononuclears, 78 per cent,
polymorphonuclear neutrophils, and 2 per cent, eosinophils.

Course.—At first, the patient complained greatly of precordial pain and
burning sensations in the hands and feet. The temperature was 98.2 F. ; pulse
96, and respiration, 20. Rest in bed and moderate doses of digitalis were
administered. By the end of fifteen days these symptoms had gradually dimin¬
ished and disappeared. At that time the patient felt very comfortable. Tem¬
perature, 98 F.; pulse, 100; respiration, 22. He was then allowed up in a

Figs. 2 and 3.—Roentgenograms, anterior and posterior view. The heart is
of the aortic valve lesion type with a large left ventricle and increased right
auricle. The aortic shadow is very greatly increased, and this shadow increase
extends into the base of the neck. This condition is an aneurysmal dilatation
of the ascending portion and arch of the aorta.

wheel chair. A month after admittance, he was up and about and the digitalis
was discontinued. The patient has been feeling well since.

Case 2.—History.—G. H., a Jewish school girl, aged 9, entered Michael
Reese Hospital, March 15, 1908. She had been in good health until 4 years
of age, when she developed chorea, which was very severe, lasting six weeks.
Her heart was not affected. She remained well for eight months and then
developed a second attack of chorea, lasting six weeks, not as severe as the
first, and not involving the heart. Nine months later, a third attack of chorea
developed, complicated by diphtheria. Her heart was "weak" at this time. Ten
months later a fourth mild chorea occurred, lasting three weeks and definitely
affecting her heart (according to physician in attendance at that time). She
remained well for eighteen months, and then the attack began which brought
her to the hospital. The worst.of the condition was over after two weeks in
bed at home. The patient walked to the hospital and had a typical chorea
minor. Dyspnea on exertion was present at this time.

Previous Illness.—She had had measles at 3 years. She had never had
arthritis, "rheumatism" or scarlet fever.
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Fig. 4.—Case 1. Electrocardiogram, Leads I, II and III show a pro¬
nounced left preponderance, as shown by the high R in Leads I and II and
the S of Lead III. Evidence of aortic disease is shown by the very great
height of R in Lead II. There is an isolated premature contraction in Lead II
(auricular in origin). The  is inverted in Lead III (of no pathologic signifi¬
cance). The  in Leads I and III is wide and notched, a finding in mitral
stenosis. P-R 0.16 second; rate 199.
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Family History.
—

There was no family history of heart trouble. Both
parents were living and well. One older child and two younger children were
well. None had had chorea.

Physical Examination.—The patient was a rather delicate looking little girl,
small for her age, with sallow complexion, apathetic dull look and appearing
to be rather weak. The pupils reacted to light and accommodation. The lips
showed a capillary pulse plainly. There was a marked visible pulsation of
the jugulars and carotids, and over the latter a marked thrill and systolic
murmur. In the suprasternal notch, a tumor showing expansile pulsations,
synchronous with the heart beat, was plainly seen. A distinct thrill was felt,
and a systolic-diastolic murmur heard over it. There was a slight kyphosis
and a hollow chest. The expansion of the chest was small but equal on

both sides. A moderate right sided scoliosis was present. The lungs were

negative.
Heart.—The right border was just beyond the right sternal margin; the

apex was 2.5 cm. beyond the nipple line and in the sixth interspase. The upper
border was at the third rib. The apex beat was diffuse. An oval shaped
area of dulness was present behind the manubrium sterni, the apex of which

Fig. 5.—Case 2. The shaded portion represents the area of cardiac and
aortic arch dulness as determined by percussion and palpation.

was just above the suprasternal notch, extending laterally beyond the margins
of the manubrium, and merging into the base of the heart below. At the
apex a low pitched, booming, systolic and diastolic murmur was heard, the
systolic being stronger. Over the aortic area a rough, loud systolic and a
soft blowing diastolic was heard loudest over the third intercostal space to
the left of the sternum and transmitted up into the neck and down along the
sternum. A visible pulsation was present in all the peripheral arteries. The
right radial pulse was smaller in volume and tension than the left.

Blood Pressure.—March 17: Right systolic, 115; left systolic, 125. March 23 :

Right, 115; left, 125. May 5: Right, 135; left, 135.
Laboratory Findings.—The stools and the urine were negative. The blood

Wassermann was negative. The blood examination revealed a secondary
anemia: erthrocytes, 3,848,000; hemoglobin, 62 per cent.; leukocytes, 7,200, of
which 5 per cent, were small mononuclears, 26 per cent, were large mononu¬

clears, 68 per cent, polymorphonuclears, and 1 per cent, were eosinophils.
Diagnosis.—Chorea ; secondary anemia ; thoracic aortic aneurysm ; chronic

endocarditis with hypertrophy of heart.
Course and Treatment.—The usual treatment for chorea and anemia was

instituted. The patient responded well and left the hospital in three months.
Six months later she returned with symptoms of cardiac decompensation. After
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four months in the hospital she felt well enough to return home. She returned
again two months later with symptoms of cardiac decompensation. This time
she did not respond to treatment, and died one month later. A necropsy was
not obtained.18

19. The following references may also be consulted:
Berry, S. H.: Brit. M. J. 2:1745, 1898.
Horder, T. J.: St. Bartholomew's Hosp. Rep., London, 1908.
Koos, A.: Aneurysms in Childhood, Arvos' hetil. Budapest 56:398. 1912.
McGraw, T. A.: Aneurysms in Young People, Tr. Am. Surg. Assn. 27:532.

1909 (Armitage and Keen report of cases in this article also).
Miquel: Bull. g\l=e'\n. de th\l=e'\rap. 9:393.
Moore, N.: Tr. Path. Soc. Lond. 34:71, 1882.
Moutard-Martin: Bull. de la soc. Anat., 1875, p. 775.
Murdock, B.: Edinburgh Hosp Rep. 6:84, 1900.
Rie(s) : Wien. med. Wchnschr. 39:556, 1889.
Roger, M.: Bull. et m\l=e'\m.Soc. m\l=e'\d.d. h\l=o^\p.de Par., 1863. p. 499.
Rotch, T.: Roentgen Ray in Pediatrics, Philadelphia, J. B. Lippincott Co..

1910, p. 140.
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